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1* A method of treating post-ischemic myocardial 

dysfunction in a raaramalian species., whicl:i comprises initiating 
within Six hours fpliowing myocardial infarction 
administration of an effective amount of captopril alone or in 
combination with a thrombolytip agent to reduce or elii^i^^ate 
reper fusion injury, 

5. The method as defined in any one oE claims 1 to 4, 

wherein the throrabo lytic, agent is {^^^^^^^^i^SS^^SiJy*a't;o2 

mmm ^m^^m i^^am^ activator, 

streptokinase, urokinase 6r prburokinase. 
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METHOD OF IMPROVING POST-ISCHEMIC 
MYOCARDIAL DYSFWCTIOW USING AM 
ACE INHIBITOR ALONE OR IN COMBINATION WITH . 
A THROMBOLYTIC AGENT AND COMBINATION 



The present invention relates to a method 
for improving post-^isch€^mic myocardial dysfunction 
in mammalian, species by administering an 
10 angiotensin converting enzyme. (ACE) inhibitor 

alone or with a thrombolytic agent sUc:h as tPA which 
may act as scavengers of free oxygen radicals to 
enhance the recovery of heart fxmction by reducing 
oxygen demand oh the heart, and to such combination 
15 of inhibitor £md throjoabplytic agent. 



• » • 
• 

• • • 



Blood flow reductions in the heart can 
result in dysfunction of this organ and cell death 
20 if the flow reduction is severe enough. 

Restoration 6f coronaty blood flow early gluring a 
heart attack is becoming a clinical reality with 
the advent and improvements in thirombolytic/ 
mechanical, and surgical interventions. While 
25 early restoration of blood flow, for example, by 
thrombolysis or following transient ischemia^ can 
prevent or mitigate the degree of cell death 
(infarction) Occurring, reperfusian can ^till 
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resuit in some degree of cardiac dysfunction or 
cell death (also referred to as stunned myocardia). 
Thus, it would be of great clinical value to find a 
means to preserve reperfusion function of the 
heart. 



tn accordance with the present invention, a 
method is provided for treating po8t*ischemic 
myocardial dysfunction in mammalian species to 
improve heart function, wherein a therapeutically 
effective amount of an angiotensin converting 
enzyme inhibitor (ACE inhibitor) alone or in 
combination with a thrombplytic agent is systemically 
administered, such as orally or parenterally, or by 
catheter, prior to, during or soon after 
reperfusion, that is, within 4 to 6 hburs of a 
myocardial infarction to mitigate the post-isehemic 
adverse effects of free radicals on heart function 
during t>eriods of myocardial occlusion and 
reperfusion. 

The terra "reperfusion" is employed herein 
to refer to release of occlusion and resun^tion 
pf blood flow. 

In addition,' ia accordance with the present 
invention, there is provided a combination of ACE 
inhibitor and thrombolytic agent. 

(Ttitj Aigg jiittiibit^ ; and; jtpix jbe) 
{dskplq ^Bd] ;ii> ; a ; weight ; ratio ; Ita jeaipih; ;ot|uE»r jof ; wit^ 
(tj^ : t^an^^ i5UlFl (ST^^gSgp 

fprexerabty: :f rom : abouE^gUgTl (tg: -ab6atg^gS;a^ 

iJL t : has 1 6Ben ; f quiid : that : the : ACE : i nhib itor ) 
alone or in combination with a thrombolytic agent 
improved post-^ischemic performance of 
the heart by itt^roving post-ischemic contractile 
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function when administered during both the 
coronary occlusion period and the reperfusion 
period (first 4 to 6 hours after myocardial 
infarction) or only during the reperfusion period. 
Such improvement in post- ischemic performance of 
the heart is evidenced by decreased contractile 
dysfunction, decrease in tissue necrosis, 
reduced myocardial workload, reduced myocardial 
demand for oxygen and reduced myocardial 
peripheral work. 

The above combination, may also be 
administered in the weeks and months following 
myocardial infarction to inhibit left ventricle 
chamber enlargement and wall thinning. 

The above benefits ar^e achieved primarily 
through use of. a toetcapto (->S*.]i containing ACE 
inhibitor alone, or in conjunction ^ith a 
thrombolytic agent. Administered, simultaneously 
with the thrombolytic agent, the free radical 
scavenging effects of the ACE inhibitor would 
prevent reperfusion iniujf]^ which develops when 
bloa4 flow is restored to a. previously ischemic 
area. 

the angiotensin converting enzyme inhibitor 
which may be employed herein includes those 
containing a mercapto (-S-) moiety ^uch as 
substituted proline derivatives, such ae any of 
those disclosed in 0* S. Patent No. 4,046,889 to 
Ondetti et al, with captopril,- tl^at is, 
l-[ (2S)'-3*mercapto-2-methylpropiQnyl]-L-proline, 
being preferred^ and mercaptoacyl derivatives of. 
substitated prolines sudb as any ot those disclosed 
in tr. S. Patent No« 4/-316,906, with zofenopril 
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being preferred. 

Other examples of ACE inhibitors that may 
be employed herein include tentiapril (fentiapril, 
10 Sant€in) disclosed in Clin. Exp. Pharmacol ^ Physiol. 
10:131 (1983), as well as pivopril, that is 



9 



(CH3)j-^GO-S-CH2*CH-CO-N , and ¥5980^ that is 



15 CH2 

•••• «*-**2** 

CEL. ^ 

HS-CHg-^CH-CO-N S 



20 GO^H 

The disclosure of the above-mentioned 
patents and other references ari^ incorporated 
' herein by refereftce* 

I *J***5 ^Pgjba; ijfel ;i^s6ye:;plaj^^ 



streptokinase, tirokinas^l, 
prourokinase# and anisoylated plasminogen 
streptokinase activator complex (APSAC, Eminase, 
30 Beecham Lal^fQratOries ) * 

In carrying out the method of the present 
iAventioKr thd ACE inhibitor alon^ or In 
combination with the thxfombolytic agent may be 
administered to mammalldn Species # such as 
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monkeys, dogs, cats, rats, humans, etc.. during the 
period of coronary occlusion and/or during the 
period of reperfusion and/or shortly after 
termination of the ischemic attack, for example 
5 within 1 to 2 hours after the ischemia, within 24 
to 48 hours after the ischemia and for weeks and 
months thereafter. 

Although, the ACE inhibitor or above 
combination may be (admiifuste^ 

^^^5iBy ibrrpar^ 1 hour after the 

* ischemia, it is preferred that the combination be 

administered locally, as soon after the ischemic 

•••••• P!^^^^^' <M^:M^^Ml^Piligi 

ggtJSetgg^^feh^.a^ 

•••I with regard to dosage of the ACE inhibitor 

alone or in combihatiOQ vith a thrombolytic agent, 
where the drug is administered by arterial 
angiography, intracoronar^^ injection or int£a- 
20 yenously, ACE inhibitor will be employed in an 

amount from about O.OOS to aho^t 30 mg/kg/treatment 
and preferably from about Q.dX to about 3 
mg/kg/treatmeht will b^ employed^ The number of 
treatments will depend upon ibhe length of the 
25 ischemic attack and the progress of reperfusion to 
achieve normal heart function. Usually^ from 1 to 
*r**; 5 treatittents per day will be required for as long 

c^s coQtractile dysfunction Continues* 

The thrombolytic agents will be en^loyed in 
30 amounts, as indicated in the Physician ^s Desk 
fteferejice <PI?ll), 42nd Edition, 1988, Thus, 
Hoechst^s Streptase brand of streptokinase may be 
administered as follows: 



•••• 
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^cifeij^i'ase^^ ;{ Ai;t:e^ ; ;as j jdescr!^bed,j ] jii : tifajs) 

5 (ACTIVASE^(AltepIase:.: : a : sterile^::: vhitte: :to) 
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quantitative composition of th.e lyophilized 
product isr 



50 m9 

(29 million lU) Vial 
Alteplase .50 mq 

(29 million IV) 
L-Arginin6 1 . 7 g 
Phosphoric Acid 0.5 g 
Polysorbate BO, le^s 

than 4 mg 



20 mg 

(11,6 million lU) vial 
Alteplase 20 mg 

(11.6 million lU) 
L-Arginine 0^7 g 
Pliosphorxc Acid 0.2 g 
Polysorbate 80, less 

than 1*6 mg 



» • «r 
•••• 



20 Phosphoric acid and/or sodium hydroxide may 

be use^d prior to lyophilization for pH adjustment. 

BiologicaL potency is determine^ by an 
in vitro clpt lysis assay and is expressed in 
International Onits as l:ested against the WHO 

25 standard- The specific activity of ACTIVASE9^ 
Alteplase^ is 580^006 lU/mg. 

Th^ recommended dose is lOO mg administered 
as 60 mg 134.8 million lU) in the first hour (of 
which 6 to 10 mg is administered as a bolus over 

30 the first 1^2 minutes)^ 20 mg (11^6 million lU) 
over the second hour, and 20 mg (11.6 million lU) 
over the third hour. For smaller patients (less 
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t^an 65 kg), a dose of 1.2S mg/kg administered 
over 3 hours, as described above, may be used. 

Abbott's Abbokinase brand of urokinase may 
be administered after heparin dosing of 2,500 to 
10,000 units IV, in an amount by infusion xnto the 
occluded artery at a rate of 4 ml per minute 
(6,000 lU per minute) for periods of up to 2 hours. 

Proxirokinase may be administered in 
conventional dosages normally used in clinical 
practice such as a 7.5 mg bolus followed by 40.5 
mg IV for 1 hour or 66*5 mg IV for 1 hour. 

APSAC (Eminase) may be administered in 
conventional dosages normally used in clinical 
practice such as a single 30 unit IV dosage. 

Where the ACE inhibitor or combination 
is to be administered by angiography, 
intravenously, or intracoronary injection, it will 
be formulated in conventional vehicles, (sucto^ 
^HsBlI"edf:water^ 

The ACE inhibitor or combination may also be 
incorporated in a conventional dosage form, such 
as a tablet, capsule, elixir or injectable. The 
above dosage forms will also include the necessary 
carrier material, excipient, lubricant, buffer, 
antibacterial, bulking agent (such as mannitol), 
anti -oxidants (ascorbic acid of sodium bisulfite) 
or the like. Oral dosage forms are preferred, 
although parenteral forms are quite satisfactory 
as well. 

With regard to such systemic formulations, 
single or divided doses of from about 5 to about 
2500 mg, preferably from about 10 to 2000 mg/one t 
four times daily, may be administered in systemic 
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dosage forms a& described above for a period 
sufficient to restore normal heart function. 

The dose administered must be carefully 
adjusted according to age, weight and condition of 
5 the patient, as well as the route of administra- 
tion, dosage, form and regimen and the desired 
result. 

Thus, for oral administration, a 

satisfactory result may be obtained employing the 

10 ACE inhibitor in an amount within the range of 

from about O.jOI mg/kg to about IQO mg/kg and 

preferably firom about 0.1 mg/kg to about 25 mg/kg 

alone or in combination with the thrombolytic agent 

in an amount vithin the rcuige of from about 0.01 

15 mg/kg to about 100 mg/kg and preferably from about 

0.1. mg/kg to about 25 mg/kg with the ACE inhibitor 

and tht'ombolytie dgent beings employed together 

in the. same oral dosage form^ or in separate oral 

dosage forms taken at the same time. 

20 A preferired oral dosage form, ^uch as 

tablets or capsules,, will contain the ACE inhibitor 

• •^ ia an amount of from abdut 0...1 to about 50Q mg, 

preferably from about 125 to about 200 mg, and more 

»•* V preferably £rom about 25 to about 150 mg, alone or 

•••• 

25 with the thronJbolytic agent in an ^ount of from 

^olit 1 to about 350 mg, preferably from about 2 to 
2 about 200 mg« and more preferably from about 30 to 

abottt 150 mg. 

For parenteral administration,, the ACE 
30 inhibitor will be employed in an amount within the 
range, of from about .0.005 mg/kg to About 10 mg/kg 
and preferably from about 0.01 mg/kg to about 1 
mg/kg, alone or with the thrombolytic agent 
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in an amount within the range of from about 0.005 
mg/kg to about 20 mg/kg and preferbly from about 
0.01 mg/kg to about 2 mg/kg. 

The composition described above may be 
administered in the dosage forms as described above 
in single or divided doses of one to four times 
daily. It may be advisable to start a patient on a 
low dose combination and work up gradually to a 
high dose coihbination. 

Tablets of Various sizes can be prepared, 
e.g., of about SO to 700 mg in total weighty 
containing one or both of the active substances in 
the ranges described above, with the remainder 
being a physiolbgicaily .acceptable, carrier of other 
materials according to accepted pharmaceutical 
practice « Th#se tablets can,, of course, be scored 
to provide for fractional dpses. Gelatin capsules 
can be similarly formulated. 

Liquid formtilations. Cjan eilso be prepared by 
dissolving or suspeT>ding Che or the combination of 
active substances in a conventional liquid vehicle 
acceptable for pharmaceutical administration so as 
to provide the desit^ed dosage' in one to foi^r 
tea spoonsful. 

iSuch dosage formd ca^ be administered to 
the patient on a teg^imen of one. to four doses per 
day« 
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The following Examples represent preferred 
embodiments of the present invention. 

Example 1 

5 An injectable solution for use in 

administering ACE inhibitor by intiracoronary 
injection by arterial angiography or intravenously 
is produced as follows: 

iQ Captopril 500 mg 

Hethyl paraben S mg 

Propyl paraben 1 mg 

Sodium chloride 25 g 

Water for injection qs- 5 1. 



•••• 



The captopril^ preservatives aild sodium 
chloride are dissolved in 3 liters of water for 
injection and then the volume is brought up to 5 
liters* gilgSHtiBilgi^^ 

W^M^^^^I^^Ml^^&m^^ Each vial contains 
S ml of solution in a concentration of 100 mg of 
active ingredient per ml pf solution for injection. 

25 

Example 2 

Tablets for use in improving podt-ischemic 
contractile dysfunction are j^repared as described 
in Example 1 except that zofenopril is used in 
30 place of captopril. 



mm 

4 ¥ 
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Example 3 
An injectable for use in improving 
post-ischemic contractile dysfunction is prepared 
as described in Example 1 except that 
5 l-(3-mercapto-2-D-inethylpropanoyl)-L-proline 
is employed in place of captopril. 



Example 4 

A captopril formulation suitable for oral 
10 administration in improving post-ischemic 
contractile function is set out below. 

iOOQ tablets each, containing 100 mg of 
captopril were produced from the following 
ingredients . 

15 

Captopril 
Corn starch 
qelatin 

Avicel (micfocrystalline cellulose) 
20 Magnesium stearate 



100 g 
50 g 

7.5 g 
2S g 

2.5 g 



The captopril and corn starch £lre admixed 
with an aqueous solution of the gelatin. The 
mixture is dried and ground to a fine powder., ^e 
ZS Avicel and then the ma^nesiuin stearate are admixed 
with the granulation. This is then compressed in 
a tablet to form ilOOO tablets each pontaining 100 
mg of active ingredient which is used for 
improving post- ischemic contractile functi-on. 

30 

Example 5 
The injectable solution for use in 
administering an ACE inlxibitor, may be employed in 
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conjunction with conventional dosage forms of tPA 
for reducing myocardial infarct size and improving 
post-isGhemic contractile dysfunction. 



5 Example 6 

An injectable for use in improving 
post-ischemic contractile dysfunction is prepared 
as described in Example 5 except that the ACE 
inhibitor zofenopril is employed in place of 
10 captopril. 

Example 7 
An injectable solution for use in 
administering ACE inhibitor and throntbolytic agent 
15 by intracoronary injection^ by arterial angiography 
or intravenously cpntaining rentiapril as the ACE 
inhibitor and streptokinase (conventional dosage) 
as the thrombolytic agent is prepared as described 
in Example 5. 

20 



Example .8 
An i&ijectable for use in improving 
post^idchemic contractile dysfunction, is prepared 
as described in Example S except that the ACE 
25 inhibitor employed is pivopril and the 

thrombolytic agent employed is urokinase. 



The Claims Defining the Invention are as Follows: 
1« A method oC treating post-ischemic myocardial 

dysfunction in a mainroalian species, which comprises initiating 
within six hours following myocardial infarction 
administration of an effective amount of captopril alone or in 
combination with a thrombolytic agent to reduce or eliminate 
reper fusion injury. 

2. The method of claim 1 wherein captopril or the 
combination of captopril and the thrombolytic agent is 
administered by arterial angiography^ by Intracoronary 
injection, intravenously, or orally ♦ 

3. The method as claimed in claim 1 or claim 2, wherein 
administration is initiated within four hours following 
myocardial infarction, 

4. The misthod of Claim 3, wherein captopril or the 
combination of captopril and thrombolytic agent is 
administered during coronary occlusion and reperfusion. 

5« The method as defined in any one of claims 1 to 4, 

wherein the thrombolytic agent is tissue plasminogen activator 
(tPA>j^ recombinant tissue plasminogen activator, 
streptokinase, urokinase or proutokinas^. 

6 4 The method aS defined in. claim. 5/ wherein the 

thrombolytic ^gent is tissue plasminogen activator or 
recombinant tissue plasminogen activator « 

7. The method ad claimed in claim 1> usin^ a composition 

substantially as hereinbefore described with reference to 
examples 1, 4 or 5. 

DATED: 26 August 1992 

B.R. SQUIBB & SOMS. IHC, > A ^^tji/^^ 

By their Patent Attorneys f^^^^r r 
PniUiIPS ORMONI^ & F1T2PATRICK 
By» 
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